INTRODUCTION
The amount of microarray expression data available in public repositories has increased tremendously. Although a variety of programs have been developed to make use of these data, the number of tools that identify marker genes is limited. Identification of marker genes associated with a specific tissue/cell type is a fundamental challenge in genetic and genomic research. In addition to other genes, marker genes are of great importance for human physiology. We have previously developed an R package (MGFM) [1] to predict marker genes associated with tissues or cell types using microarray data. Cell type specific marker genes are useful to isolate cells from a tissue or cell mixtures. Here we present a benchmark of our tool using a microarray data set from the GEO database [2] . Furthermore, we tested the performance of the tool using two different normalization methods, RMA and YuGene. To validate the set of predicted marker genes, tissue-specific genes (gold-standard marker genes) for the examined 12 human tissues were collected from the Tissue-specific Gene Expression and Regulation (TiGER) [3] database.
TiGER is a database for generating comprehensive information about human tissue-specific gene regulation, including both expression and regulatory data. The database contains tissue-specific gene expression profiles or expressed sequence tag (EST) data, cis-regulatory module (CRM) data, and combinatorial gene regulation data.
METHODS

Identification of marker genes
To define if a probe set is a potential marker, we sort the corresponding expression values in decreasing order. Next, we define cut-points as those that segregate samples of different types. Each cut-point is defined by the ratio of the expression averages of the groups of samples adjacent to it. The score associated with the first cut-point is defined as a measure of specificity of the probe set. The score values range from 0 to 1. Values near 0 would indicate high specificity and large values closer to 1 would indicate low specificity. For more details about the method, see [1] .
Data sources
The microarray expression data set is derived from GEO and it is publicly available with the series number GSE3526 [4] . The data set consists of 36 samples and is derived from 12 human tissues (bone marrow, cervix, heart atrium, kidney cortex, liver, lung, lymph node, midbrain, ovary, prostate, spleen, and testes). Each tissue is represented by three replicate samples (Table 1) .
Data normalization
Two methods were used for normalization of the microarray data set, YuGene [5] and the Robust Multiarray Averaging [6] (RMA).
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RESULTS
To evaluate the performance of our tool, we collected tissue-specific genes (gold-standard marker genes) for the examined 12 human tissues (bone marrow, cervix, heart atrium, kidney cortex, liver, lung, lymph node, midbrain, ovary, prostate, spleen, and testis) from the TiGER database. For validation of the potential marker sets, only gold-standard marker genes that were also found on the microarray were considered for the validation. This corresponds to a total of 2673 marker genes for the 12 human tissues. Using YuGene, 12354 probe sets out of 54675 (comprising about 22,6 % of all probe sets on the microarray) were identified as potential markers associated with the 12 analyzed tissues. Using RMA, 12580 probe sets out of 54675 (or 23 % of all probe sets on the microarray) were identified as potential markers for all examined tissues. The number of predicted marker probe sets is highly variable between the analyzed tissue types (see Figure 1) . The testis shows the largest number of tissue enriched probe sets (n=4213 (RMA), n=4030 (YuGene)), followed by the midbrain (n=2112 (RMA), n=1953 (YuGene)) and the liver (n=1122 (RMA) , n=1235 (YuGene)). The predicted marker probe sets for a tissue by both methods RMA and YuGene are mostly the same (see the overlap in Figure 1) . Figure 2 shows the number of obtained marker genes from the TiGER database for each tissue as well as the number of correctly identified marker genes using both normalization methods RMA and YuGene. YuGene performed slightly better than RMA. Our tool identified 1026 of the gold-standard marker genes (or 38,4 %) using YuGene, and identified 1013 (or 37,9 %) of the gold-standard marker genes using RMA. The best performance is achieved for testis, where 78 % of the gold-standard marker genes were correctly identified. The lowest precision was obtained for cervix, for which only one marker gene was identified using YuGene.
DISCUSSION
We have previously developed a Bioconductor R package (MGFM) for marker gene detection from microarray data. In this communication, we presented a benchmark of our tool using a public microarray data set, and compared the set of predicted marker genes for the examined 12 tissues to a set of gold-standard marker genes obtained from the TiGER database. The tissue-specific genes in TiGER were selected by comparing expression sequence tags (EST) in 30 human tissues using a binomial test on EST counts. We tested the performance of our tool using two normalization methods, RMA and YuGene. YuGene performed slightly better than RMA. Our tool identified 38,4 % or 37,9 % of the gold-standard marker genes using YuGene or RMA, respectively. The differences between the results of both methods do not appear to be significant. Using both normalization methods, the testis had the largest number of predicted marker probe sets, followed by the midbrain, and the liver, suggesting more specialized molecular functions in these tissues compared to the other tissues. The presented benchmark suffers from some limitations.
Tissue
Sample IDs bone marrow GSM80576, GSM80577, GSM80603 cervix GSM80633, GSM80634, GSM80635 heart atrium GSM80655, GSM80656, GSM80698 kidney cortex GSM80686, GSM80687, GSM80689 liver GSM80739, GSM80730, GSM80729 lung GSM80707, GSM80710, GSM80712 lymph node GSM80735, GSM80737, GSM80738 midbrain GSM80700, GSM80701, GSM80702 ovary GSM80758, GSM80759, GSM80780 prostate GSM80805, GSM80806, GSM80824 spleen GSM80808, GSM80825, GSM80826 testis GSM80853, GSM80868, GSM80869 Number of obtained gold-standard marker genes from the TiGER database and the number of correctly identified marker genes by our tool for each of the examined tissues, using RMA and YuGene for normalization.
